This paper discusses the influence of global warming on ocean temperatures, and explains how vertical wind shear affects hurricane formation. It explores the scientific arguments against linking global warming to increased hurricanes, that ocean warming increases vertical wind shear in the main development region for Atlantic hurricanes, and that current/recent American hurricane trends fall within the realm of natural, multidecadal oscillations. Arguments supporting the link between global warming and hurricanes are addressed with climate modeling that links sea surface temperature (SST) increase to anthropogenic causes. It discusses SST's influencing hurricane activity globally, if not locally to the U.S., and points to the need for consensus and action. 
Introduction
Concentrations of greenhouse gases in the Earth's atmosphere have steadily risen for over 100 years. The American and western European industrial revolution marked the beginning of a continuous global warming trend caused primarily by carbon dioxide accumulation in our atmosphere and oceans. Deforestation and the burning of fossil fuels on a global scale have caused an overabundance of heat-trapping carbon dioxide, which is in turn causing the average temperature of the Earth to steadily rise. What influence does the warming of the climate have on the temperature of the oceans? In 1990, the Intergovernmental Panel on Climate Change (IPCC) released its first scientific  assessment of climate change research and concluded that a warming of about 0.3 C had  occurred over the last century in the Northern Hemisphere oceans, and about 0.3 - 0.5 C in the Southern Hemisphere. This conclusion was based on volunteer observation ship, buoy, and weather ship data collected since the late 1800's (Casey and Cornillon 2001) . The warming climate is causing the average temperatures of the oceans to rise. Salinity changes, pH, water vapor content, and ocean circulation patterns are all affected by global warming, in addition to the average temperatures of the surface layers of the sea.
Hurricane formation and strength is fueled by warm, humid waters. Warm, tropical regions typically see the highest rates of hurricane activity. Sea surface temperatures greatly influence wind speeds, with maximum wind speeds increasing by 5  knots in response to a mere 0.6 C increase in SST (Ahrens 2012) . It seems a direct correlation can be made that increases in SST due to global warming are causing 4 stronger, more frequent hurricane activity. In fact, the overall number of named Atlantic storms jumped up twice since 1900: in the late 1920's and again in the mid-1990's. That rise was roughly in step with lasting increases in the temperature of waters in the eastern tropical Atlantic, where most storms form (Kerr 2006) . But this direct correlation assumption is problematic for two reasons: one, the most accurate data on the frequency and strength of tropical cyclones is only available post-1970's (due to satellite technology), and two, there is still some debate among the scientific community as to the accuracy of branding 'global warming' the culprit for stronger hurricane activity. This analysis will discuss some of the arguments against connecting greenhouse gas emissions to stronger hurricanes, and the arguments supporting this connection, with recommendations for further research. While there is always some degree of uncertainty about the future, and modelbased results are often fickle, the state of current understanding is such that we should expect hurricane frequencies in the future to have a great deal of year-to-year and decadeto-decade variation as has been observed in the past (Pielke, et al 2005) . Pielke and coauthors reference studies that have addressed tropical cyclone intensity variations that show no significant trends during the decades of "reliable" records. They discuss the Atlantic multidecadel oscillation (AMO), and attribute that variability to natural causes rather than increases in greenhouse gases. They go on to add that in the absence of large or unprecedented trends, any effect of greenhouse gases on the frequency of storms or major hurricanes is necessarily very difficult to detect in the context of this documented variability (Pielke, et al 2005) . Since the level of trends with regard to hurricanes needs to be "unprecedented" in order for some researchers to willingly make the greenhouse gas connection, it may be some time before there is enough data for consensus.
The issue of SST affects on hurricane wind strength is also the basis for some direct disagreement among scientists. A 2004 study from the Geophysical Fluid Dynamics Laboratory in Princeton, New Jersey, indicated the possibility of a 5% increase in the wind speeds of hurricanes by 2080… These would imply that changes to hurricane wind speeds on the order of 0.5-1.0 meters/sec may be occurring today. This value is exceedingly small in the context of, for example, the more than doubling in numbers of major hurricanes between quiet and active decadal periods in the Atlantic (Pielke, et al 2005) . Other researchers have found that relatively modest changes in inner-core SST can dramatically alter air-sea fluxes within the high-wind inner-core storm environment.  Initial estimates show that SST changes on the order of 1 C lead to surface enthalpy flux changes of 40% or more (Cione and Ulhorn 2003) . These are dramatic differences in opinion regarding the urgency of the current and future state of the atmosphere.
Arguments for Connecting Hurricane Activity to Global Warming and SST
Supporters of the idea that global warming is affecting hurricane activity point to the patterns and trends found in hotter climates. These can be seen as reinforcement that despite the debate over statistical intensity increases, something needs to be done about our changing climate. With a rising sea level due to warmer oceans melting the ice sheets, beach and wetland erosion and storm surges associated with tropical cyclones will cause greater impacts even if other aspects of tropical cyclones were to remain the same (Anthes, et al 2006) . This addresses a key difference in the angle at which researchers approach the issue of global warming and hurricanes. On the side skeptical of making the link, researchers point to the data sets that show ambiguous connections at best. On the side supportive of making the link, broader trends are addressed using data to back up logical conclusions. For example, it is well known that tropical cyclones form only over warm oceans from which they gain their energy, largely from the latent heat of condensation. Thus, it would not be surprising if a warmer and moister world contained enhanced overall hurricane activity (Anthes, et al 2006) .
This might give the impression that these arguments are rooted in logic rather than hard science, but that is not the case. In particular, the impact on tropical cyclones of multidecadal variations tends to be specific to each ocean basin and compensated globally by opposite fluctuations
elsewhere. An increase of category 4 and 5 hurricanes in all ocean basins, and an overall global increase thereof has been observed. This is the type of weather that would be expected from global warming changes rather than from natural variability alone (Anthes, et al 2006) . While the increased vertical wind shear in the Atlantic main development region may decrease landfalling hurricanes to the U.S., increased hurricane activity may occur elsewhere as part of this opposite fluctuation.
If the link between increased greenhouse gases and SST cannot be directly made to increased hurricane activity in the U.S. it may not be unreasonable to make the link to increasing hurricane activity worldwide. Seasonal measures of tropical cyclone intensity are positively correlated with tropical cyclone frequency in the north Atlantic. Consistently, one also sees an increase in average intensity during La Niña as compared to El Niño years, and one finds a trend toward higher intensities over the past three decades accompanying a trend toward an increased number of tropical cyclones (Zhao and Held 2010) . The broad agreement between theoretical and modeling studies combined with the strong evidence from observational analysis suggests that not only will tropical cyclone intensity increase with anthropogenic warming, but that this process has already commenced (Anthes, et al 2006) . There is no argument among the scientific community as to the influence of natural AMO variability, but some researchers imply that it is naïve and irresponsible to dismiss the increasing hurricane activity of recent decades as an exclusive result of this phenomena.
A primary conclusion that some scientists have reached with regard to the debate over the extent to which SST's and greenhouse gases are affecting hurricane activity, is that the "extent" at this point is irrelevant. (Santer, et al 2006) . To these researchers, the importance lies in the fact that anthropogenic causes are changing the atmospheric and oceanic balance of the planet. To banter over the current severity of those changes is like playing roulette with the weather.
Concluding Remarks
The phenomena of fluctuating hurricane activity is one influenced by a multitude of factors including wind shear, water vapor, ocean circulation, sea surface temperatures, latent heat, etc. It is a complex subject that provides neither side of the debate with linear conclusions. In fact, a common theme among most of the journal articles referenced was a recognition of the need for continued research in this field. Although changes in ocean surface temperatures may be a key influence on hurricane intensity, SST's are only one of a variety of factors that control hurricane formation, evolution, and intensity. Detailed analyses of changes in other large-scale conditions that affect tropical cyclogenesis (such as wind shear and vertical stability) are required to obtain a more complete understanding of how hurricane activity has changed and may continue to change in a warming world (Santer, et al 2006) .
A likely explanation as to why changes in upper-ocean thermal structure have never been directly and quantitatively linked to changes in storm intensity is due to a limited number of observations. Both from an oceanic and atmospheric standpoint, the inner core is the most difficult region to routinely and accurately observe within the hurricane environment (Cione and Ulhorn 2003) . Without further research and continued work on technological innovations to increase access to the inner-workings of hurricanes, the scientific community will continue to struggle with conflicting data sets and studies.
Historically, it is very difficult to get the international community to reach political consensus if the scientific community is not already there. If there is little doubt that anthropogenic global warming is causing our oceans to rise and increase in temperature, 11 then there should be little doubt that these enormous changes are influencing the intensity and frequency of hurricanes to some degree. The "degree" to which hurricanes are influenced can continue to be debated by researchers, as long as the "fact" that they are influenced is not.
